Recently, Pimm et al. identified Epsin 4 on chromosome 5q33 as a susceptibility gene for schizophrenia in the British population, based on linkage and association evidence. In Pimm's case-control study, both the single polymorphisms and the individual haplotypes at the 5 0 end of the gene showed genetic association with schizophrenia. Here, we report the first study evaluating the relevance of Epsin 4 and schizophrenia outside the British population. Markers showing positive results in the original work as well as two additional polymorphisms were genotyped in 308 Han Chinese family trios. Transmission disequilibrium analysis was used to test for association of single-locus markers and multi-locus haplotypes with schizophrenia. Although no individual marker was significant at the P = 0.05 level, the haplotypes detected in our samples, different from those previously reported, showed strong evidence of association (most significant global P = 0.0021). Our results indicate the presence of a locus near the 5 0 end of Epsin 4 conferring susceptibility to the disease and provide further support for Epsin 4 as an important potential contributor to genetic risk in schizophrenia.
Introduction
Schizophrenia is a complex psychosis that affects E1% of the world's population. 1 Twin and adoption studies have demonstrated that schizophrenia is highly heritable, but the genes that contribute to the disease remain elusive. Thus identifying the susceptible genes is essential if the pathogenesis of schizophrenia is finally to be clarified. 2 During the past two decades, linkage and association studies have been the main approaches in searching for complex disease genes. 3 To date, there have been several successful examples where candidate genes such as NRG1, G72, DTNBP1 were identified through association analysis targeting chromosome regions first identified by linkage study. [4] [5] [6] These successes have fueled the hope that similar approaches will be effective in the search for other genes underlying predisposition to schizophrenia.
Recently, an association study pointed to the Epsin 4 gene on 5q33 as a strong candidate for schizophrenia susceptibility. 7 Linkage to chromosome 5q has been reported by a number of research groups. In addition, 5q33 has been implicated to be associated with schizophrenia in four independent genetic linkage studies (Lod score > 3.0). [8] [9] [10] [11] [12] In Pimm's research, the first set of markers selected were those surrounding the locus showing maximal linkage to the disease on chromosome 5q33. The study involved 450 unrelated white English, Irish, Welsh and Scottish patients and 450 matched controls. As a result, one of the markers, D5S1403, showed some evidence of association (P = 0.01), hence new polymorphisms close to D5S1403 were genotyped. Later, positive associations were observed for another three markers: AAAT11 (P = 0.009), rs10046055 (P = 0.007) and rs254664 (P = 0.01). Individual haplotypes made up of two or three markers also showed strong evidence of linkage disequilibrium with schizophrenia (LD). Notably, the four associated polymorphisms happen to locate at the 5 0 end of Epsin 4, a gene encoding the clathrin-associated protein enthoprotin which is highly enriched in clathrincoated vesicles isolated from rat brain and which may be involved in the transport and storage of neurotransmitters. 13 In this study, we investigated six polymorphisms in the region of Epsin 4, attempting to replicate Pimm's study in Chinese family trios. Our results partially confirm the findings of that study and further support the case that a locus near the 5 0 end of Epsin 4 is very likely to be responsible for genetic susceptibility to schizophrenia.
Materials and methods

Subjects
We obtained DNA samples from 308 Han Chinese family trios. Each family consisted of parents and an affected offspring. Among the probands, 163 were men (53.0%) and 145 were women (47.0%). (Mean age = 24.0; s.d. = 6.6) All subjects were of Han Chinese origin. The probands had to be diagnosed as schizophrenic according to DSM-IIIR criteria, issued by the American Psychiatric Association in 1987.
14 A standard informed consent in the protocol, which was reviewed and approved by the Shanghai Ethnical Committee of Human Genetic Resources, was given by the participants, after the nature of study had been fully explained. Genomic DNA was extracted from peripheral blood by use of the standard phenol chloroform method.
Genotyping
In this study, three SNPs (rs10046055, rs1145603, rs254664) and three microsatellites (D5S1403, AAAT11, AC) were genotyped. All the markers had been reported in Pimm's work and locate at the 5 0 end of Epsin 4, except for microastellite AC, which is in the downstream region of the gene and was obtained from the University of California-Santa Cruz (UCSC) Genome Bioinformatics Web site.
SNP genotyping was determined by allele-specific real-time PCR, in which primers were designed to specifically amplify the reference allele or its variant in separate PCR reactions. The assay used in this study combines kinetic (real-time quantitative) PCR with allele-specific amplification, which has been described elsewhere. 15 PCR primers used in this study were designed by a tetra-primer ARMS-PCR primer design program. Only one outer primer and inner primer pair was chosen for PCR from the four output primers. For real-time PCR, two PCR reactions for each sample, with 10 ng genomic DNA, 2.5 ml TaqMan s universal PCR master mix (Applied Biosystems), 0.1 mM allele-specific primer, 0.1 mM common primer and 0.2X SYBR s Green I (Molecular Probe, Inc.) were carried out in a total volume of 5 ml. To reduce well-to-well variability in PCR reaction conditions, an automated dispenser (Hydra s microdispenser, Robbins Scientific) and digital multichannel pipettes (Thermo Labsystems) were used. Kinetic PCR reactions were performed on an ABI PRISM 7900 Sequence Detection System (Applied Biosystems). After an initial 2-min incubation step at 501C, and an enzyme heatactivation step of 12 min at 951C, 55 cycles consisting of 15 s at 951C and 45 s at annealing temperature were performed, followed by a final stage of dissociation to check PCR product. 16 Allele calling was manually performed. To test the validity of this method of allele-specific PCR for SNP genotyping, we compared the results of SNPs genotyped by this method with genotypes determined by sequencing on an ABI PRISM 3100 Sequence Detection System (Applied Biosystems). Genotypes from these two methods were consistent.
PCR amplification of microsatellite markers was performed using primers fluorescently labeled with FAM. PCR products were electrophorized on Mega-BACE 1000 instruments and were analyzed using Genetic profiler software (Amersham Biosciences, Piscatway, New Jersey, USA). As the PCR fragments of microsatellites were not of the same length as those in the original work, it was essential to adjust the sizes of our PCR fragments to correspond with those in Pimm' s study. We used two ways to calibrate the sizes of microsatellites: first, we obtained some DNA samples with known genotypes in Pimm's study and performed PCR using our primers. Second, we synthesized the same primers as Pimm's and performed PCR on our samples. Finally a consistent calibration was made.
Statistical analysis
The TDTPHASE program of UNPHASED set was used for single markers and multiple-locus haplotypes transmission disequilibrium analysis. 17 . The standardized measure of LD, denoted as 'D 0 ', and r 2 were estimated on the online software SHEsis. 18 (http:// 202.120.7.14/analysis/myAnalysis.php). To allow comparisons with the previous study, significance levels were not adjusted for multiple testing.
Results
Our samples showed different allele frequencies in all common markers, compared with Pimm's results. In the present analysis, no single SNP or microsatellite revealed significant allelic association in the Chinese family trios. , are presented in Table 2 . High LD was observed between AAAT11 and rs10046055, rs1145603 and rs254664: estimates of D 0 were > 0.9 and estimates of r 2 were > 0.3. Owing to the long distance between microsatellite AC and the other markers, the estimates of D 0 and r 2 were so low that the marker was ignored in the subsequent haplotype analysis.
We analyzed the transmission of haplotypes using the TDTPHASE program in which rare haplotypes with a frequency less than 0.03 were dropped. As the markers composing haplotypes in Pimm's study did not show high LD in our samples; based on the extent of LD, we constructed two haplotype groups each containing two markers: AAAT11 and rs10046055, rs1145603 and rs254664. The results of the haplotype estimations are presented in Table 3 . The global P value for haplotype group1 (AAAT11, rs10046005) was 0.0021. In total, eight individual haplotypes were observed but only three showed a frequency greater than 3%, among which 252/A and 252/T haplotpyes produced positive results. Positive results were also obtained for haplotype group2 (rs1145603, rs254664) (P = 0.0033), and the individual haplotypes T/T and T/C contributed to the significant association.
Discussion
Epsin 4 was first identified as a susceptibility gene for schizophrenia using the case-control approach involving white English, Irish, Welsh and Scottish schizophrenia subjects and matched controls. In current study, recruiting samples from 308 Han Chinese trios, we performed a transmission disequilibrium test (TDT) to replicate the earlier study by Pimm et al. Now TDT has gained popularity for its ability to evaluate linkage or association of candidate genes for complex disease. The advantage of TDT is that it eliminates population stratification effects comple- tely, thus avoiding spurious results that can arise in the sampling of cases and controls. 19 In view of the long and complex demographic history and ethnic subgroups in China, 20, 21 population admixture is inevitable when we attempt to recruit unrelated population-based samples, and the effective way to overcome this problem, therefore, is to employ family-based samples.
The four markers D5S1403, AAAT11, rs10046055 and rs254664 all showed strong evidence for association in the previous study, whereas none was associated with schizophrenia in the Han Chinese trios. It is also worth noting that the 252/A haplotype of the haplotype group1 were undertransmitted in our population, while the haplotype in Pimm's study presented higher occurrence in schizophrenics than in controls. In the contrary, the individual haplotypes sharing the T allele of rs254664 in both studies were associated with high risk of schizophrenia.
These discrepancies between Pimm's data and our own results could be ascribed to the different ethnical samples employed or different statistical approaches adopted. It is suggested that variations across populations in allele frequencies among interacting loci can markedly affect the power to detect marginal effects. 22 As the markers yielded obvious differences in allele frequencies between the two studies, it is not surprising that we did not replicate the significant results of the single polymorphisms. Moreover, if the polymorphisms themselves were not the susceptibility variants but in LD with a functional variant for schizophrenia, different LD patterns between different populations studied could account for the discrepant findings. In addition, compared with case control method, TDT is less powerful as a result of its usage of heterozygous parents only. 23 Despite the discrepancies between the two studies, we did find haplotypes strongly associated with schizophrenia in the Han Chinese trios. Nevertheless, none of the markers defining the positive haplotypes could reveal the causative marker, due to the lack of statistical significance of the individual markers.
Thus they are more likely to be in LD with a causative variant in this region. Considering that the haplotypes cover the first exon, 5 0 UTR, promoter and upstream sequences of the Epsin 4 gene, it is possible that an underlying functional variant may affect the gene's transcription, RNA splicing or translation.
In our work, we have provided the additional evidence for the involvement of Epsin 4 in schizophrenia in a different population and with a different approach from the original work by Pimm et al. Both studies lead us to conclude that there must be an underlying variant nearby predisposing to the disease. More markers in this region should therefore be added in the future research to detect the susceptibility locus. Furthermore, to fully establish the relevance of Epsin 4 and schizophrenia, corresponding functional studies are essential. 
